By the research in the thermodynamic simulation of a new kind of low-cost Titanium alloy-Ti8LC, The temperature, speed and degree were studied to prove what infection it take to the Micro-structure. The test make clear that the influence of temperature was the most important parameter to the alloy, when it under 1000℃, it appears two-state structure, it is propitious to the combination properties, and when it above 1000℃, it appears lamellar structure, holds high strength but low extensibility. Comprehensive consideration with the resistance to deformation, the velocity in the deformation cannot take too fast, and the degree adapted to 40％～60 ％. This can gain favorable capability.
INTRODUCTION
As a low-cost titanium alloy newly developed by Northwest Institute for Nonferrous Metal Research, China, Ti12LC is produced by adopting Fe-Mo, which is widely used in iron and steel smelting as a cheap intermediate alloy and adding the cheap alloy elements Fe and Mo to replace the expensive one V in TC4s. It's hot working temperature is lower than that of TC4, the most widely used commercially, and as-annealed strength reaches 950Mpa, which are similar to those of TC4, but its plasticity is better than that TC4 [1] [2] . Since the structural state of material decides its use performance and also varies with processing temperature, deformation rate and deformation amount [3] [4] , in this paper, GLEEBLE hot simulation test and structure analysis of the material Ti12LC were carried out to study the influence of hot working parameters on this alloy structure and have important reference significance for the structural control of Ti12LC during hot working.
TEST PREPARATIONS
As the α+β type and near β titanium alloy, Ti12LC has the nominal composition of Ti-5Al-7Mo-1.5Fe. Its initial micro structural form is the typical basket structure as shown in Figure 1 , which is obtained at the β-phase area after severe rolling. We can see that after rolling, it mainly has the basket structure, because the rolling temperature is above the temperature Tβ, and also its original β grain boundary breaks and becomes invisible after a very big degree of deformation. In addition, the α phase or α＋β-phase flakes are short and twisty and arrange roughly along the direction of deformation, with a small aspect ratio. Using the differential scanning calorimetry (DSC)( Figure 2 ) and combined with the metallographic method, Ti12LC's phase transition point was measured as 860℃~ 890℃.
Thermal deformation test was carried out with the Gleeble-2000 type thermal simulation testing machine, to prepare the titanium alloy material into φ8mm×15mm compression specimens with grooves processed on the two ends, which were filled with solid lubricant so as to minimize the phenomenon of "plump belly" during compression and make compression close to uniform deformation. The following process parameters were adopted in the test, respectively: ① Temperature: 820℃, 870℃, 920℃, 970℃ ② Deformation degree: 20%, 40%, 60% ③ Deformation velocity: 0.001S-1, 0.01S-1, 0.1S-1 As titanium alloy is oxygenated severely at high temperature, the specimens were cut from the middle by wire-electrode cutting in order to avoid any influence of micro structural pseudo phase and inhomogeneous deformation parts caused by oxidation, and the microstructure analysis was carried out with the sections obtained above.
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TEST ANALYSIS
(1) The flow stress curves at different temperatures The flow stress curves of the titanium alloy Ti12LC at different temperatures and the deformation velocity of 0.10/s are shown in Figure 3 ; while those at 920℃ and different deformation velocities in Figure 4 . Seen from the figures, Ti12LC has stronger sensitivity to both forming temperature and speed, namely, the deformation resistance of Ti12LC increases quickly as the temperature reduces or the deformation velocity increases.
(2) The influence of deformation temperature on structure Microscopic analysis of the specimen's structure was carried out at the deformation degree of 30% and the deformation velocity of 0.001S-1 by selecting the heating temperature near the phase transition point for isothermal extrusion and considering temperature rise caused by the heat effect in the process of severe deformation. The microstructure under different temperatures is shown in Figure 5 . Figures a ~ d show the structure of the two-phase zone after extrusion at the temperature of 820℃~ 870℃. It can be seen that during deformation in the twophase zone (α＋β), the structural form belongs to the mixed structure of uniform distribution, containing primary α-phase and βT of α＋β-phase mixture, which are roughly the same. With the increase of temperature, grains grow up slightly, βT increases slightly, and also β grains and flake-like α phase are squashed at the same time, and elongated and broken in the direction of the metal flow. Figure d shows the microstructure of β phase zone after extrusion at 970℃. It can be seen that due to the phase change, Widmanstatten structure forms therein, the coarse and big primary β-phase grain boundary is clear, and the precipitated acicular α-phase arranges in a regular array, because the α-phase cores grow after the temperature The mechanical property tests were conducted on the designed specimens under different temperatures as shown in Figure 6 . Their mechanical property data are shown in Figure 7 .
Seen from the figures, the strength of the specimens under different temperatures change not too much, the Widmanstatten structure forming at 970℃ has higher strength but poor plasticity; compared with Widmanstatten structure, the mixed structure has better plasticity and better comprehensive performance in the case of similar strength. Based on the analysis on various factors, although the structure at 820℃is good, we can see the deformation resistance sharply increases as temperature decreases when less than 850℃ in combination with the foregoing stress strain curves of Ti12LC; therefore, the deformation effect of the two-phase zone is better when the forming temperature is selected at 850℃ ~ 870℃.
(3) The influence of deformation velocity on structure Microscopic analysis of the specimen's structure was carried out at the deformation degree of 30% and by selecting the heating temperature of 870℃ for isothermal extrusion. The structure at different deformation velocities is shown in Figure 8 . It can be seen from the figure that, under the condition of different deformation velocities, the structure of titanium alloy changes not much, and also recrystallization appears to a certain extent (at the position of the arrow in Figure 8) as the deformation velocity increases, and the deformation resistance rises greatly; the structure under the condition of different deformation velocities is the duplex microstructure with good comprehensive properties; therefore, although the strain rate effects microstructure less, the forging speed of the alloy should not be too high, but it is suitable to adopt hydraulic press, screw press and other press which control the forming velocity uniformly less than 5mm/s considering in combination with deformation resistance.
(4) The influence of deformation degree on structure Microscopic analysis of the specimen's structure was carried out at the heating temperature of 870℃ and the deformation velocity of 0.001S-1. The structure under different deformation degrees is shown in Figure 9 .
See from the Figure, under the deformation conditions of the deformation temperature of 870℃ and the strain rate of 0.001s-2, the structure presents the structural state specific for forging of the two-phase zone, namely, primary α-phase and transformed β-phase structure with the uniform distribution, where the grains show the obvious characteristics of deformation. In the structure with the deformation degree of 20% ~ 40%, the grains' shape and size differ not much, but when the deformation degree is more than 40%, the grains are refined obviously, that is to say, there is a critical deformation degree for grain refinement between 40% ~ 60%, and when the deformation degree exceeds this critical value, the increase of deformation degree is beneficial to grain refinement, and under the condition of high-temperature and high-speed deformation, the critical deformation degree should be minimized. This critical deformation degree is the minimum deformation degree necessarily controlled when forging. But because the alloy may form textured micostructure after the deformation degree of more than 60% [5] , which is easy to merge and grow up at high temperatures, i.e. secondary recrystallization appears, and results in very coarse and big grains [6] , so when forging of titanium alloy, the deformation amount of each process should be controlled between 40% ~ 60%, and it is the best to adopt the method to form in multiple processes for the purpose of forming process for a larger deformation amount.
Therefore, seen from the structural observations, when the titanium alloy Ti12LC deforms at the temperature of the two-phase zone, the mixed structure with uniform distribution is obtained, containing primary α-phase and βT of α ＋ β mixture. In the state, the alloy has good comprehensive performance; when greater than the critical deformation degree, the increase of deformation degree is beneficial to grain refinement, but the deformation amount should not be too much.
CONCLUSIONS
(1) The titanium alloy Ti12LC may obtain the uniformly distributed mixed structure and has better comprehensive performance when deformation in the twophase zone; obtain the lamellar Widmanstatten structure and has the best strength and impact toughness but poorer plasticity because of smaller deformation resistance when deformation above the phase transformation point of 970℃. The alloy's forging temperature is suitable at 870℃ ~ 920℃.
(2) The titanium alloy Ti12LC has a critical deformation degree during plastic deformation. The structure is refined when more than this critical deformation degree, but the deformation degree of each forging pass should be controlled at 40% ~ 60% in order to control secondary recrystallization.
(3) For the titanium alloy Ti12LC, the change in deformation velocity has not big impact on its structure, but as a result of greatly increased deformation resistance, presses such as hydraulic press and screw press, whose speed is controlled uniformly less than 5mm/s should be used for forming.
